The increase in atmospheric carbon dioxide (CO2) observed since the industrial revolution has 11 reduced surface ocean pH by ~0.1 pH units, with further change in the oceanic system predicted 12 in the coming decades. Calcareous organisms can be negatively affected by extreme changes in 13 seawater pH (pHsw) such as this due to the associated changes in the oceanic carbonate system. 14 The boron isotopic composition (δ 11 B) of biogenic carbonates has been previously used to 15 monitor pH at the calcification site (pHcf) in scleractinian corals, providing mechanistic insights 16 into coral biomineralisation and the impact of variable pHsw on this process. Motivated by these 17 investigations, this study examines the δ 11 B of the high-Mg calcite skeleton of the coralline red 18 alga Neogoniolithon sp. to constrain pHcf, and investigates how this taxon's pHcf is impacted by 19 ocean acidification. δ 11 B was measured in multiple algal replicates (n = 4 to 5) cultured at four 20 different pCO2 scenarios -averaging (± 1σ) 409 (± 6), 606 (± 7), 903 (± 12) and 2856 (± 54) 21 μatm, corresponding to average pHsw (± 1σ) of 8.19 (± 0.03), 8.05 (± 0.06), 7.91 (± 0.03) and 22 7.49 (± 0.02) respectively. Results show that skeletal δ 11 B is elevated relative to the δ 11 B of 23 seawater borate at all pHsw treatments by up to 18 ‰. Although substantial variability in δ 11 B 24 exists between replicate samples cultured at a given pHsw (smallest range = 2.32 ‰ at pHsw 25 8.19, largest range = 6.08 ‰ at pHsw 7.91), strong correlations are identified between δ 11 B and 26 pHsw (R 2 = 0.72, p < 0.0001, n = 16) and between δ 11 B and B/Ca (R 2 = 0.72, p < 0.0001, n = 16). 27
Results 226
The coralline algae across all pH treatments yield δ 11 B values ranging from 24.42 (± 0.22) ‰ to 227 36.26 (± 0.10) ‰ (Table 1) . One sample replicate at pHsw 8.19 was deemed anomalous, as gradients and intercepts can be found in Table SM2 in the supplementary materials. 250
251
The measured B/Ca and δ 11 B compositions are also highly linearly correlated (R 2 = 0.77, p < 252 0.0001; Figure 3A ), a trend that is predicted from boron isotope systematics yet rarely observed 
δ 11 B and B/Ca as tracers of pH 287
The boron isotope palaeo-pH proxy has been primarily applied to foraminifera, and tropical and 288 Regardless of the precise mechanism of calcification within this species, the strong positive 303 correlations observed here between δ 11 B composition, B/Ca ratio and pHsw indicate that boron 304 systematics of coralline algae do vary with respect to pHsw. As expected from the existing 305 understanding of the proxy, cultures at lower pHsw have lower δ 11 B and B/Ca; both, in theory, 306
resulting from a reduction in borate concentration relative to boric acid at lower pHsw. 307 marine calcifiers, some alternative models of boron systematics within coralline algae should be 323 explored to ensure that these standard assumptions are met in coralline algae. The impact of 324 possible boric acid incorporation, and Rayleigh fractionation of the calcifying medium and other 325 processes affecting coralline algal skeletal chemistry are discussed in the following sections. 326 327
Boric acid incorporation 328
than total seawater boron) is solely incorporated into coralline algal calcite, the remaining fluid 376 would become enriched in 11 B, imposing a heavier δ 11 B composition on the later forming calcite. 377
378
The partition coefficient (KD) of boron into calcite is described by equation (5). seafloor that lack this ability. Specifically, our data suggest that species-specific pHsw optima 451 exist at pHsw ca. 8 for maximising both pHcf and calcification rates of Neogoniolithon sp. 452
However, that pHcf and algal calcification rates begin to dramatically decline as pHsw is 453 decreased from 7.9 to 7.5 indicates that there are limits to the extent that coralline algae can 
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The filled black circles indicate mean values. 
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and that δ 11 B is unaffected by the size of the initial sample. 
